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Introduction 


This project was term inated upon the graduation with a Ph.D. degree of the P.I. who moved on to a 
postdoctoral position in 2006. We were recently informed that the final report submitted in 2006 was not 
accepted and this amended report is therefore submitted to allow closure of this file. 

Carcinoma arises from epithelium, however, there is growing evidence tha t inf lamination and 
interactions with the surrounding stromal m icroenvironment are cri tical for cancer initiation and 
progression. Strom al alterations during turn origenesis have been shown in prostate cancer an d m any 
other tumors. As a major component of the stroma, fibroblasts are recognized as prominent modifiers of 
cancer progression. The contribution of carcinom a associated fibroblasts (CAF) to cancer has been 
approved and become accepted, research has b een conducted to understand the m echanisms underlying 
this stromal-epithelial interaction. 

Transforming growth factor-beta (TGF-p) is a pleiotropic growth factor with actions that are dependent 
upon circum stances including dose, target cell type and context. TGF- [! can elicit both growth 
promoting and suppressive activity. In nonn al tissue, TG F-[! generally acts to restrict growt h and 
maintain dif ferentiation. However, dur ing turn origenesis, changes in TGF- [! expression and cellular 
responses can promote tumorigenesis. 

Body 

In the initial stages of this project we exam ined the effects of TGF-P on the non-turn origenic human 
prostatic epithelial cell line BP HI and on three derivative tumorige nic sublines BPH1CAFTD-1, -3 and 
-5. The data (which were published in Cancer R esearch in 2006, see reference below) demonstrated that 
TGF-P has different effects on the non- tumorigenic and tumorigenic ce 11s. The non-turn origenic cells 
were growth inhibited by TGF- p. In contrast the turn origenic sub-lines were not growth inhibited but 
instead underwent an epithelial to m esenchymal transformation (EMT ) in response to TGF- p. The 
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tumorigenic lines showed constitutively elevated levels of phosphorylated Akt which m odulated their 
response to TGF- [] by blocking Smad3 and p21 nuc lear translocation. Upon TGF- [! stimulation of the 
tumorigenic subline s th e activated Akt allowe d th e cells to escap e cell cy cle arrest. The PI3K/Akt 
pathway was also found to be involved in TGF- [! induced EMT, defined here by induction of vim entin 
expression and enhanced cellular motility. 

In vivo, tu morigenic cells with co nstitutively active TGF-P signaling showed incr eased invasion with 
EMTs, which expressed vim entin, located specifically at the invasive front of the turn or. These data 
indicated that following malignant transfonnation TGF- [! can play a direct role in prom oting prostatic 
cancer and further that these responses are context specific in vivo. 

In final year of the project, we aimed to identify pathways which could elicit tumor-promoting paracrine 
effects and whose expression patter ns co rrelated with tho se seen in hum an dise ase. This work was 
described in a paper published in Cancer Research in 2007, see reference below. 

We found that human prostatic carcinoma-associated fibroblasts (CAF) induce tumorigenesis in initiated 
but non-malignant human prostatic epithelial cells (BPH-1) using a combination of mild overexpression 
of chemokines and cytokines. CAF express elevated levels of both transform ing growth factor-beta 1 
(TGF-pi) and strom al cell-derived f actor-1 (S DF-1/CXCL12). TGF- p inhibits the growth of BPH- 1 
cells in vitro but was found to b e necessary for the tumorigenic response to CAF. This counterin tuitive 
result suggested that the TGF- P signaling system was involved in other processes relating to 
tumorigenesis. The SDF-1 receptor, CXCR4, is expressed at low levels in benign prostate tis sue and in 
BPH-1 cells in culture. However CXCR4 levels in crease during prostate cancer progression. CXCR4 
was found to be induced and localized to the cell membrane in BPH1 cells by CAF conditioned medium 
and by CAF cells in tissue recom binants. TGF-p was found to be both necessa ry and sufficient to allow 
detection of m embrane locali zed CXCR4 in BPH1 cells. Suppr ession of epithelial cell CXCR4 
expression abrogated the turn origenic response to CAF. SDF-1, secreted by CAF, acts via the TGF- p- 
regulated C XCR4 to activa te Akt in the epith elial cells. This m echanism elicits turn origenesis and 
obviates the growth inhibitory effects of TGF- p. Thus turn or stroma can contribute to carcinogenesis 
through synergism between TGF- p, SDF1, and CXCR4. These experim ents suggest m echanisms by 
which TGF-p can shift its role from an inhibitor to a promoter of proliferation during tumor progression. 
Both the TGF-P and S DF1 pathways are targets of drug disc overy efforts, these data suggest potential 
benefits in co-targeting of these pathways. 
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The data presented in these two papers led us to ge nerate a model of stromally-driven tumor progression 
which is summarized in figure 1. 



CXCL12/SDF1 



CAF—►T6F-P —► BPH1—► t CXCR4 



P-Akt 1 1 

\\ * * 

\ * Context-Dependent EMT-►Invasion 

\ Block Smad-dependent Avoid Growth 

Growth Inhibition Inhibition by TGF-p 


Figure 1. Summary of the mechanism by w hich CAF can contribute to carcinogenesis based upon 
data generated in this project. Briefly TGFB expressed by carcino ma-associated fibroblas ts (CAF) 
activates expression of CXCR4 in t arget epithelial cells. This allows ac tivation of the SDF1/CXCL12 
pathways with consequent activatio n of Akt and associated proliferation of epithelial cells. Subsequent 
to Akt activation Sm ad-dependent growth inhibition is suppressed allowing cells to escape the g rowth 
inhibitory response to TGFB while retaining the pro-invasive responses such as activation of EMT. 


Personnel Changes 

The P.I. graduated with a Ph.D. degree and the project was terminated. 


Key Research Accomplishments 

The most important aim of pre-doctoral awards is to provide research training to fellows. This aim was 

clearly accomplished. The research aims of the proj ect were largely fulfilled, major outcomes being the 

finding of interacting paracrine pa thways that prom ote prostatic carcinogenesis and can offer the 

6 



possibility for medically-based therapies with less side effects than current options. 


Reportable Outcomes. 

Two papers were published describing the work perfonned. 

Ao, M., Fr anco, O.E., Park, D., Ra man, D., W illiams, K., and Hayward, S. W. (2007). Cross-talk 
between paracrin e-acting cytokine and chem okine pathways prom otes m alignancy in benign hum an 
prostatic epithelium. Cancer research 67, 4244-4253. 

Ao, M., W illiams, K., Bhowm ick, N.A., and Haywar d, S.W. (2006). Transforming growth facto r-beta 
promotes invasion in tumorigenic but not in nontum origenic human prostatic epithelial cells. Cancer 
research 66, 8007-8016. 


Conclusions. 

This project generated a set of da ta, summarized in two papers in Cancer Research, which dem onstrate 
the poten tial of relative ly m ild changes in turn or strom a to contribu te to the prog ression of p rostate 
cancer. The use of in vivo models and human cells clearly enhances the clinical relevance. The fact that 
the imbalances on chem okine and cytokine expression were not huge is important as this underlines the 
consequences of s mall combinatorial effects of si gnals resulting in profound consequences. The work 
also strongly suggests that approaches to address th ese changes clinically m ight well not require total 
suppression of signaling but rather selective part ial suppression of key pathways. The extracellular 
nature of the m olecules provides fu rther confidence th at these can b e tack led c linically. Inh ibitory 
antibodies agains t TGFB are already in clin ical trials, however there have been som e adverse 
consequences reported due to high levels of pathwa ys suppression. W e would suggest that lower doses 
of such agents com bined with partial suppre ssion of SDF1/CXCL12 signaling m ight well provide a 
clinical benefit with significantly reduced negative patient impact. 

The second m ajor contribution of this work w as to dem onstrate a clear m echanism by which TGFB 
signaling can change in turn or progression from a tumor suppressive to a turn or promoting factor. This 
also suggests that suppression of A kt activation, beyond it s obvious anti-proliferative consequences 
might also allow the pro-differentia five effects of TGFB to re-m anifest themselves, providing a version 
of a differentiation therapy. 
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A third im portant outcom e was the further dem onstration of the importanc e of context in turn or 
responses to specific m olecular changes, this is sp ecifically demonstrated by the data presented in the 
final figure of the 2007 paper in which EMT occurs spec ifically at the invasive front of the turn or and 
not within the tumor mass, even though the putative activating mutation is present in all tumor cells. 
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